C olorectal cancer is the second leading cause of cancer mortality in the United States. In 2006, more than 55,000 people died from colorectal cancer, accounting for about 10% of all cancer-related deaths in both women and men. 1 Most colorectal cancers arise in adenomatous polyps that can progress to colorectal cancer over 8 to 10 years if not removed, 2 and removing these polyps via colonoscopy reduces the incidence of colorectal cancer. [3] [4] [5] National guidelines have recommended that patients with adenomas undergo surveillance colonoscopy within 5 years. 6 Appropriate follow-up of abnormal cancer-screening tests requires effective communication between primary physicians and specialist physicians, communication between physicians and patients, and systems for coordinating and tracking care. To fulfill "the promise of cancer screening," patients with potentially premalignant lesions such as colorectal adenomas must receive appropriate follow-up testing to monitor them for recurrent abnormalities. 7 Health care organizations, therefore, need systems to monitor whether patients return for colonoscopy when appropriate and to remind physicians when patients are due for this procedure. Ideally, these systems would use automated data from colonoscopy and pathology reports to provide ongoing monitoring and decision support to physicians. The objective of this randomized study was to assess whether rates of surveillance colonoscopy could be increased by physician reminders for patients with prior adenomas who were overdue for this procedure.
METHODS

Setting and Participants
The study protocol was registered with the ClinicalTrials.gov database (ID number NCT00397969) and approved by the Among patients who had a colorectal adenoma removed during 1995 through 2000, about half received their primary care from 12 hospital-affiliated practices, including 5 hospitalbased offices, 5 community-based offices, and 2 community health centers. Since 2000, all primary physicians at these sites have used the Longitudinal Medical Record, an internally developed electronic health record. The other half of patients received their primary care from Harvard Vanguard Medical Associates, an integrated group practice with 14 local health centers. Since 1999, all physicians in this latter group have used the EpicCare electronic health record. Both electronic record systems have been used in prior studies of ambulatory quality of care. [8] [9] [10] [11] [12] [13] [14] Patients who had colorectal polyps removed via flexible sigmoidoscopy or colonoscopy during 1995 through 2000 were ascertained from the electronic endoscopy database maintained by the hospital's gastroenterology division. To identify patients who had adenomatous polyps, endoscopy data were linked to the hospital's electronic pathology reports. A textsearching program was developed to scan pathology reports for key words of adenoma or adenomatous polyp. Key words of carcinoma and adenocarcinoma were also identified to exclude patients with colorectal cancer.
To confirm the accuracy of the automated text searching of pathology reports, 2 investigators (Ayanian and Sequist) visually inspected these reports for random samples of 100 patients with adenomas and 100 patients without adenomas. The sensitivity of the automated search was 99% (1 false-negative report with the plural term adenomas), and the specificity was 99% (1 falsepositive report with the phrase no adenomas).
Patients who had follow-up colonoscopies performed at the hospital between 2001 and March 2006 were identified from the hospital's endoscopy database. Automated electronic data from the hospital and integrated group practice were used to identify follow-up colonoscopies performed outside of the hospital. In addition, electronic records were used to identify primary physicians for eligible patients in 2006 and to exclude patients who died before 2006.
Randomization and Intervention
After eligible patients with active primary physicians were identified, we randomized patients to have their primary physicians receive patient-specific reminders recommending surveillance colonoscopy. Randomizations were stratified within the 2 health care organizations and each physician. We chose to randomize patients rather than health care organizations or physicians because patient-level randomization maximized our statistical power to detect an intervention effect, making it a within-physician rather than between-physician effect and therefore statistically independent of random variations in physicians' effectiveness in promoting surveillance colonoscopy.
To balance the intervention and control groups by patients' age, sex, and time since prior colonoscopy, we performed 20 randomizations of the cohort using SAS statistical software and selected the randomization that provided the most even balance of these 3 characteristics, as defined by the maximum difference between treatment and control groups on the numbers of eligible patients in the age, sex, and time categories. After the randomization but immediately before the intervention mailing, we learned that 47 primary physicians of 82 patients (42 allocated to the intervention and 40 allocated to the control group) at the integrated medical group had left the organization. We excluded these 82 patients a priori from the intervention mailing and all subsequent analyses because they did not meet the prespecified requirement to have an active primary physician to assess their clinical appropriateness for colonoscopy.
For patients allocated to the intervention group, a letter was sent via interoffice mail to their primary physicians in late April 2006 to notify the physicians about the potential need for colonoscopy among their patients in the intervention group. The mailings included personally addressed letters to the patients recommending colonoscopy and encouraging them to call their physician's office to schedule the procedure. If physicians determined colonoscopy was clinically indicated, they could mail these letters to their patients. A template of the letter that physicians could edit was also available in the electronic health record.
A response form was included in the mailings to physicians, asking them to report whether they intended to send a reminder letter or call each of their patients in the intervention group to recommend colonoscopy. They were also asked for reasons a patient should not have this procedure (deceased, severe comorbid illness, advanced age, had follow-up colonoscopy since 2000, or no longer active in the physician's practice). Physicians who did not respond to the initial letter within 1 month were sent a second cover letter, response form, and reminder letters addressed to their patients. After the 6-month observation period, an identical mailing was sent to the physicians of patients in the control group to ensure their physicians were aware of the potential need for colonoscopy if clinically appropriate.
Outcomes
The primary study outcome was the proportion of patients receiving colonoscopy during the 6-month observation period (May 1-October 31, 2006) in the intervention and control groups. The secondary outcome was the proportion of patients with a new adenoma or cancer detected during this period. Colonoscopies were ascertained from automated extracts of the electronic health records of Brigham and Women's Hospital and Harvard Vanguard Medical Associates by data analysts who were blinded to the patients' allocation to the intervention or control groups.
To verify the accuracy of colonoscopy data and ascertain histologic findings of associated polypectomies or biopsies, 2 resident physicians who were blinded to the patients' randomization status visually reviewed the electronic health records of all patients for the 6-month observation period. Furthermore, to identify patients who underwent a colonoscopy procedure from January 2001 through March 2006 that was missed by the automated review of electronic records when patients' eligibility was ascertained, these physicians also visually reviewed all patients' medical records for this preceding period. Patients who underwent a colonoscopy during this earlier period would have been ineligible for our study if their prior procedure was evident with automated record review, but they were included in our intention-to-treat analysis.
Statistical Analysis
We compared the distributions of age, sex, and years since prior colonoscopies for the intervention and control groups in the full cohort and within each of the 2 participating health care organizations. To assess intervention effects, we compared the proportions of patients who underwent colonoscopy and who had a new adenoma or cancer detected in the intervention and control groups using the Cochran-Mantel-Haenszel chisquare test to adjust for randomization by patients' age, sex, and health care organization. To assess the consistency of intervention effects between these 3 respective pairs of strata, we compared a priori stratified subgroup analyses of colonoscopy use by patients' age (<65 versus ≥65 years), sex, and health care organization, using the Breslow-Day test.
In descriptive analyses, we assessed responses reported by physicians to reminders for patients in the intervention group. For both the intervention and control groups, we analyzed the proportions of patients who had colonoscopy during January 2001 through March 2006 that was only detected by a visual review of electronic medical records after the 6-month observation period was completed. SAS statistical software (version 8.2, Cary, NC, USA) was used for all analyses, and two-tailed P values are reported for all statistical tests.
RESULTS
Patient Characteristics
The remaining 717 patients comprised the study cohort, including 375 patients in the hospital-affiliated practices and 342 patients in the integrated group practice. Among these 717 patients, 358 were randomized to the intervention group and 359 to the control group. No statistically significant differences were noted between the 2 groups in their age, sex, or time elapsed since the index colonoscopy ( Table 1) .
Use of Colonoscopy and Detection of New Adenomas
Among the 358 patients whose physicians received reminders, 33 (9.2%) underwent colonoscopy within 6 months, compared with 16 (4.5%) of the 359 patients whose physi- cians did not receive reminders (P=0.009). Consistent with this overall effect, colonoscopy rates for intervention patients were about double those of control patients in all prespecified subgroups defined by health care organization, patient age, and sex ( Table 2 ). The magnitude of this effect did not differ statistically within each pair of subgroups (all P>0.60 by Breslow-Day test). New adenomas or cancer were detected in 14 (3.9%) of the intervention patients and 6 (1.7%) of the control patients (P=0.06). Among the 33 patients in the intervention group and 16 patients in the control group who underwent colonoscopy, 42.4% and 37.5% of these patients, respectively, had new adenomas detected. High-risk pathologic findings (adenomas ≥1.0 cm, ≥3 adenomas, high-grade dysplasia, or adenocarcinoma) were detected in 4 intervention patients and 3 control patients during the 6-month observation period, including 1 cancer in each group.
In the visual review of all electronic health records after the observation period, 161 (22.5%) of the 717 study patients were found to have had a colonoscopy during January 2001 through March 2006 that was not ascertained from electronic data before the intervention, including 75 (20.9%) of 358 patients in the intervention group and 86 (24.0%) of 359 patients in the control group. These 161 patients included 112 (29.9%) of 375 patients in the hospital-affiliated practices and 49 (14.3%) of 342 patients in the integrated group practice. If these patients had been excluded a priori from our study, the rates of colonoscopy in the intervention and control groups would have been slightly higher (11.7% and 5.9%, respectively, P=0.01).
Responses to mailed letters were received from 119 (84.4%) of 141 physicians who cared for 269 (75.1%) of 358 patients in the intervention group. Among these 269 patients, physicians intended to recommend colonoscopy for 100 patients (37.2%) but not for the other 169 patients. This latter group included 14 (5.2%) who were deceased, 48 (17.8%) who had already completed surveillance colonoscopy, 32 (11.9%) who were not appropriate for colonoscopy because of severe comorbid illness, advanced age, or prior refusal, and 75 (27.9%) who were no longer active in their practice.
DISCUSSION
In this randomized controlled study, the use of surveillance colonoscopy for patients with prior colorectal adenomas increased during the 6 months after patient-specific reminders were provided to their primary physicians. The intervention was similarly effective in practices affiliated with an academic medical center and an integrated group practice, as well as for elderly and nonelderly patients and for women and men. New adenomas or cancer were detected in about 40% of all patients who underwent surveillance colonoscopy.
Prior randomized studies have assessed the effect of personalized reminders from physicians to their patients to promote cancer screening, but these studies have typically focused on average-risk patients rather than the higher-risk patients we studied. 15 Most studies of strategies to encourage appropriate follow-up of abnormal cancer-screening tests have focused on Pap tests and mammograms. 16, 17 One study of patients with abnormal fecal occult blood tests reported increased rates of complete diagnostic evaluations with colonoscopy or flexible sigmoidoscopy and barium enema after an educational outreach program and patient-specific reminders were provided to physicians. 18 Our study builds on this prior research by using electronic clinical databases of health care organizations to identify eligible patients and by focusing on long-term follow-up of adenomatous polyps instead of more immediate follow-up of other abnormal cancer-screening tests. Our study had several limitations that may have contributed to the relatively small absolute increase in use of colonoscopy after our physician reminders. First, we did not contact patients in this study directly to recommend surveillance colonoscopy or to assess their reasons for not having this procedure.
Second, we determined from a post-hoc visual review of medical records that nearly 25% of patients had actually had a follow-up colonoscopy before our intervention. This finding was more common in the hospital-affiliated practices than in the integrated medical group because more procedures were performed outside the hospital-affiliated system and thus recorded only in physicians' notes but not in coded formats accessible by an automated review.
Third, by surveying physicians of patients in the intervention group, we learned that more than 25% of patients were no longer active in the physicians' practices. These patients had typically not seen their former physicians for more than 5 years, and the physicians often lacked current address information to contact them about the need for surveillance colonoscopy. This finding highlights the challenge of ensuring appropriate follow-up over the extended time period required for surveillance of colorectal adenomas and the corresponding need for information systems that facilitate communication among gastroenterologists, primary physicians, and patients.
Fourth, 112 of 141 physicians who received reminders for patients in the intervention group also had patients in the control group. These physicians may have been more likely to recommend colonoscopy to their patients in the control group, particularly if the latter patients had office visits during the 6-month observation period. However, this effect was probably minimal because less than 20% of patients in the control group had an office visit during this period, and physicians had no other mechanism to identify patients who were due for surveillance colonoscopy.
Our findings may not be generalizable to other health care settings. We studied the primary care networks of 2 large health care organizations with well-established electronic health record systems in 1 state. 19 Thus, the effects of physician and patient reminders for surveillance colonoscopy should be assessed in other geographic areas and health care organizations, such as smaller physician groups. 20 Nonetheless, our study has important implications for efforts to monitor and improve the quality of colorectal cancer screening. Because we encountered challenges in using electronic clinical data to identify patients who needed follow-up colonoscopies, other organizations should strive to bolster the accuracy of requisite data in electronic records when implementing reminders to physicians about patients who appear due for surveillance colonoscopy. Recent studies of patients with coronary artery disease or congestive heart failure have found that automated reviews of electronic records are accurate for some but not all quality indicators. 21, 22 Similarly, we found that adenomatous polyps could be detected by an automated review of electronic pathology reports with a very high degree of accuracy, but our ability to ascertain colonoscopies was much less effective because many procedures were only recorded in the physicians' notes. We also found that electronic data were incomplete for identifying patients who had left physicians' practices or died during the preceding 5 years. Reminder systems, whether electronic or paper based, may be more effective if gastroenterologists or primary physicians prospectively identify and monitor patients who will need surveillance colonoscopy when adenomas are initially detected, rather than relying on retrospective electronic data linkages 5 to 10 years later as our study did. Recent surveys of primary physicians, gastroenterologists, and general surgeons suggest many physicians may be recommending surveillance colonoscopy too frequently for low-risk patients, such as those with only hyperplastic polyps or a single small adenoma, 23, 24 thereby straining available resources for colonoscopic screening and surveillance. 25 Patients with 3 or more adenomas, any adenoma greater than or equal to 1.0 cm, or any high-grade dysplasia face the greatest risk of developing colorectal cancer. 26 Thus, reminder systems to promote this procedure should focus on these high-risk patients who are most likely to benefit from colonoscopy in the absence of severe comorbid illnesses. [27] [28] [29] Because patients who have had colorectal adenomas remain at increased risk of developing recurrent adenomas and colorectal cancer, effective systems are needed to remind physicians and patients of prior abnormal findings so that clinically appropriate patients undergo surveillance colonoscopy. Our study provides a model with important lessons for other health care organizations considering the use of electronic clinical data to identify patients in need of this procedure, monitor whether they are receiving it, and remind primary physicians about its appropriate use.
